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Tech Insights 

Exploring power-management design issues for advanced systems 

MOSFETs Break Out Of The Shackles Of 

Wirebondins 

By Replacing Wirebonds With A Copper Strap, Power MOSFETs Finally Enter A New 

Era Of Electrical And Thermal Efficiency. 

Patrick Mannion 




J^ltTeS^r^^^^^^ fr'°"''.'' board-n,ount apphcations all demanding areater 

power densities, thermally mefficient, high-resistance devices are vweakine havoc on svstem rellhi itv 
A the same t.me, power lost due to electrical inefficiency is draining valuabL system ^so^^^^^^^^ 

aS 1™^^^^ H " ^PP^--^"' thaftraditional patl" "eScy 

^^r^^^ ? approachmg dimmishmg returns. These paths, uhich follow the age-old oractice of 
mcreasmg silicon efficiency, have been so successful to date that the packaging i^d^rebond 

Si'rcftoi! R^<^tifier, El Segundo, Calif., has replaced the wirebonds connecting the 

source to the leadframe with a solid copper strap that covers the surface of the die This prmTdes a 

ttXloT^^^^^^^ -^^ f !f ^^^'^ '"^^ leadframe nd PC b^ard 

paXS?onJLnn « >0 »° 20% reduction in thermal resistance and a 61% reduction in 

Ses aTto 20% redtl"''^ ' r'^"" '^"^^^ comiections. Called CopperStrap, the technology 
l^^^^'^S^^J^^^^^ ^"-^"^ — ^ of MOSFETs.^^ 

cmeS'i'ir^nZ!^^^^^ f CopperStrap to decrease assembly time and eliminates dreaded 

cratermg and purple plague phenomena associated with wirebonds. Thouch not Quantified as of vei 
the comiection methodology all but eliminates wirebond-related source inductance' aTeafurl ^ 
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particular interest to buck-converter designers. 

To date, MOSFET makers have managed to push silicon-die resistance into the single-digit milliohm 
range. But even this doesn't suffice. As a result, designers have been forced to opt for either a bigger, 
more expensive die in a larger package or for parallel arrays of less expensive devices that ser\'e to 
reduce resistance, while spreading any generated heat around the board. Designs using either or both of 
these methods have been able to squeeze up to 10 A at 1.6 V from an input range of 10 to 21 V out of an 
SO-8 package. With upcoming designs looking for 15 A at 1.3 V from similarly sized or smaller 
packages, though, it becomes apparent that a new approach is necessary'. 
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1. Traditional MOSFETs use wirebonding to attach the die to the source lead and the pc board 
(a). The wirebonds and top-metal-sheet resistance contribute about 90% of package resistance (b). 
Also, gold bonds are susceptible to voids, intermetallic formations, and parasitic inductance at 

high frequencies. 

IR looked closely at all the elements that contribute to device resistance (Fig. J a andb). In doing so. 
researchers realized that the wirebonds and top-metal-sheet resistance together contributed about 90% of 
the overall package resistance. The fourteen 2-mil gold wirebonds alone, already a maximum number 
for an SO-8 package, contributed about 1.1 m_. Replacing the wires with the CopperStrap reduced this 
to 0. 1 1 mZ (Fig. 2a and b). 
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2. Replacing the fourteen 2-mil gold wirebonds (the maximum an SO-8 package can handle) with 
the CopperStrap reduced the die-source resistance from 1.1 mZ to 0.11 mZ (a). The top-metal 

resistance of the die shrank from 1.5 mZ to about 0.7 mZ (b). 

The top-metal resistance of the die isn't normally taken into account when calculating package 
resistance, as it isn't considered to be part of the package. But depending on the location of the 
vjirebonds on the top metal, 4 pm of aluminum could contribute as much as 1 .5 mZ. Placing the 
CopperStrap over most of the die's top surface provides a low-resistance parallel path, thereby reducing 
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the 15 mZ to about 0.7 mZ. That's a 61% reduction. If the die's top metal is much less than 4 urn 
overall resistance savings could be even greater. 

The implications for thermal management are even more interesting. Most of the heat from a nower 
Tiu^^"" P^''''^^ ^^'■^"Sh a plate that forms the drain-lead comiection on the back 

of the die. It s then conducted out to the copper in the pc board. Covering up to 70%. the top surface of 
he die wuh the copper sheet provides two thermal-dissipation avenues. The first is through the source 
eads to the pc board. The second takes advantage of the fact that the copper strap is routed closer to the 

top of the mold compound encapsulant than the traditional wirebonded solution. This allows heat to 

escape through radiation from the top surface of the package. 

To get a better idea of how the CopperStrap theory plays out in practice, a thermograph u as taken of 
two power MOSFETs in an SO-8 package (Fig. 3a and b). As can be seen from the image the 

frZfhf 7f T?",^ """'^ of conducting heat to the source leads, therebv taking it away 

from the die itself This allows the device to deliver more power for a given device junction tempe ature 
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3. A thermograph of hvo power MOSFETs in an SO-8, one with the CopperStrap (a) and one with 
w.rebond.ng (b) sho^-s how the CopperStrap device conducts more heat to the source lead 
taking .t away from the die. This allows the device to deliver more power for a gh^n device 

junction temperature. 

The CopperStrap^ thennal capabilities can be put to maximum use in applications such as synchronous 

SXe^Y^n"'''' '''''^^^'^ ^» potential. B^Tnc^^^rg 

S^ou^h^he "o"^^^^^^^ P'"^^ °" heat ci be pulled out of the die 

di!S2o'^^,!f r ^^^^"t^g^J" buck converters. Its reduced source inductance is a result of wire 
elimmation. But the degree to which performance has been improved hasn't been quantified yet. 

cmtl^nf ifJcllrlr^^ ""^J^^ P^^blems. First is wirebond 

f^Tls^lu a^L^^^ f of unoptimized wdrebond parameters-the bonding 

final lest ^iif. f ^'^ "^"'"T "'""^'^"'^ P°^^^- ^ratering can't be detected reliably at 
tinal test. Therefore, it usually appears during reliability testing or in the field. 

SereTa^Snf? T.r^'^r'^ "^"'P'' P'"^"^ " ^old is combined with an aluminum top metal 
there s a risk of mtermetallic formations. When exposed to high temperatures and/or small level^ of 
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contaminants, the formations can 6e accelerated and can result in Kirkendall voids. These act in series 
with overall package resistance and can even result in complete open conditions. Purple plague can't be 
detected at final test, either. And once present, it can be very difficult to contain or control. 

Other materials issues come into play. While copper is compatible with silver-filled epoxy and 
alummum top metal, properties of the molding compound and silver-filled epoxv must be selected to 
optimize thermal, mechanical, and moisture resistance. Also.copper's expansion rate is different from 
that of gold wires. This has to be taken into account, especially when exposed to high solder-reflow 
temperatures and temperature cycling. The shape and features of the strap play a key role in how well 
stresses are distributed under these conditions. 




CopperStrap is available in a dual chipset version: the high-side IRF7809, which uses PlanarFET 
technology, and the low-side TrenchFET-based IRF7809. Key performance specifications for these 
devices are shown in the table. The combination's abilit>' to achieve efficiencies of up to 87% at 14 
Vn^/l.j Vq^j.j./6 a also IS shown (Fig. 4). Efficiency falls off to about 83% at 15 A 
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4. To date, the CopperStrap is capable of achieving efficiencies of up to 87% at 6 A. The efficiency 

falls off to about 83% at 15 A. 

fh^tf '^"'''^t'' ^" extremely important facet of any product change or modification. In this case. 
7Hinc, ""^ ^?e same manufacturing techniques and tooling can be used with minor 

inco^rMln ^ copper-strap placement, which can actually be 

incorporated into the existing die-attach operation. 

Price And Availability 

The IRF7809 andlRFlSU will be available in June as a chipset for SI. 25 each per pair in 100,000-unit 
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quantUies. 



International Rectifier, Processor Power Croup 233 Kansas Si FI ^Po,jy,^^ r-A o/iH.c 
Smith (310) 252-7968; fa. (310) 252.7167; e-Lil^i^ulu^rf!!,^ 
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